PURPOSE: To investigate the changes in the intestinal epithelium of rats, when submitted to the ischemia of varied time and scheduled reperfusion.
Introduction
Changes that occur in the intestinal epithelium due to ischemia and reperfusion (IR) have been the subject of countless studies. Among these studies, the histopathological changes that occur in the intestinal epithelium after periods of IR have been described by several authors 1 . It should be emphasized, however, that most of these studies aimed the evaluation of the changes and their consequences in programmed ischemia and reperfusion in short periods of time and always less than 24 hours.
Other studies have demonstrated the importance of biochemical processes knowledge for a better understanding of the reactions triggered after a period of ischemia and reperfusion 2 . More recently, these studies made possible the use of drugs that could act systematically in the intestine minimizing the harmful consequences caused by the IR 3 .
According to evidence, it is relevant to evaluate the qualitative and quantitative (morphometric) histopathological changes of the villus, as well as the occurrence of the intestinal epithelium reconstitution by the mitotic index, after using the process of different times of ischemia and 24 hours reperfusion.
Acute mesenteric ischemia is the absence or severe reduction of blood flow due to arterial, venous or intestinal microcirculation damage. Through reperfusion and an increase in cell permeability, oxygen becomes available again causing oxidation in the metabolites and the emergence of free radicals which leads to tissue damage and other injuries in the system 4, 5 .
The study of various authors about the mechanism of ischemia and reperfusion injury and histological changes has showed that injuries caused by the decrease of the flow occurred from the villus to the crypt, and also that the villus had greater sensitivity to ischemic process, with injuries to more serious levels [5] [6] [7] [8] [9] [10] .
So in 1982, Parks 11 observed that the top of the villus of the intestinal mucosa has greater sensitivity to the free radicals action than the phenomenon hypoxic itself. Horton et al. 12 noted that oxygen free radicals produced during ischemia and reperfusion contribute to lipid oxidation of cell membrane and prevent increased permeability of the mucosa, possibly making bacterial translocation and sepsis more potent.
Grisham 13 and Kubes 14 found evidence of biochemical changes and the presence of an inflammatory response of the intestinal epithelium compared to the IR process due to a significant adhesion and extravasation of leukocytes. Given this verified fact, some authors studied the importance and influence of oxygen free radicals in the injury occurred due to the ischemia and reperfusion. The anesthetic used was sodium Thiopental <2% at a dose of 30 mg / kg / body weight, intravenous flow, emphasizing that the same anesthetic was used in all groups, so it was not necessary to perform anesthetic supplementation.
The operative procedure was carried out through laparotomy, opening the plans of the wall, anterior and posterior peritoneum ( Figure 1 ). During the intra-operative phase, mesenteric ischemia was performed with pre-determined times to the different groups.
In Group I -considered the control group -we only performed the opening of the abdominal cavity in layers of exposure of the handles, dissection of the artery and closure in layers. In Group II, we did the same surgical procedure than in group I, but we did the dissection and placement of hemostatic clips in superior
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mesenteric artery for 10 minutes. After this time, we made the unclamping of the superior mesenteric artery with subsequent closure in layers.
In Groups III, IV, V and VI we followed the same The fragments of intestine were carefully selected according to the description of the item "collection of material ", washed in 0.9% saline solution, opened in their anti-mesenteric border and stretched on small cork plates with the mucosa exposed and their four borders tied up with pins. After these procedures, the fragments were placed in Carnoy solution for six hours to be fixed.
Following that, the fragments were processed according to routine methods for optical microscopy. Histological sections of five micrometers thick were dyed by hemalúmen and then by eosin.
The cuts assembly on each slide was made as follows:
we chose the first cut of paraffin queue then we discarded the subsequent five cuts and we set up the seventh. This procedure was successively done until obtaining five cuts per slide. The purpose of this assembly was the detection of microscopic findings distinct from one another, for morphometric evaluations.
Qualitative histological evaluation
During ischemia and the period of blood flow restoration, intestinal mucosal lesions (reperfusion injury) were evaluated by analysis of histological sections, at different times of ischemia and reperfusion, in all animals belonging to six groups -DOUBLE-
BLIND. Inflammation and necrosis of intestinal villus and crypts
were graded according to the classification proposed by Granger et al. 2 -injury of sparse crypts (> 10% and <75%)
3 -injury of many crypts (> 50% and <75%)
-injury of most crypts (75%)

Quantitative histological evaluation
With the aid of an ocular 8x, a graduated scale and a 10x objective, the measurement was made in ten well-oriented villus (cut across its length) in each of the animals at different times of ischemia.
After measuring these structures, we proceeded 
Statistical analysis
To evaluate possible differences between the groups previously defined for the various lengths, widths and mitotic indexes of the villus, we used a nonparametric test for KruskalWallis averages. It should be noted that when there was statistical significance, we supplemented this test adopting the test of multiple comparisons.
The significance level for the rejection of the nullity hypothesis was set, always in a value less than or equal to 0.05 (5%).
When the calculated statistic presented significance, we used an asterisk (*) to characterize it.
The averages were calculated and presented for information purposes only.
With the use of nonparametric statistical test, we assumed that the variables under study do not behave like a Gaussian curve. So, it makes sense to calculate the standard deviation 25, 26 .
Results
Qualitative histological evaluation
In the intestinal samples belonging to different groups of animals we verified a complete regeneration of the intestinal mucosa after a 24 hours reperfusion ( Figure 6 ). 
Quantitative histological evaluation (morphometry)
In the morphometric analysis of the intestinal villus of the different groups we observed a reduction in its length, as we increased the time of ischemia. This reduction in villus length was statistically significant when comparing to the villus that underwent 60 minutes of ischemia (group VI) in relation to the control group (no ischemia) and to the villus that underwent 10 minutes of ischemia (group II). (Tables 1 and 2 , Figures 7 and 8) . When observing the mitotic index of the villus from different groups, we found an increased percentage of nucleuses in mitosis in the groups that suffered ischemia when compared to the control group (Tables 5 and 6 , Figures 11 and 12) .
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However, statistical analysis found a significant difference in the comparison between group III (20 minutes ischemia) and the control group. 
Discussion
The changes caused by ischemia and reperfusion process in the intestine made several authors develop studies on this topic.
These studies found that lesions in the intestinal epithelium and their histopathological changes are proportional to the time of exposure of these tissues to ischemia 4, [27] [28] [29] [30] [31] .
Haglund et al. 5 found it possible to detect changes in the endoplasmic reticulum with ischemia of 10 minutes. After 15 minutes of ischemia the mucosa of the intestinal epithelium showed changes in its structure and after 30 minutes of ischemia basal membranes were compromised, indicating a rise in the intra and extra-cellular spaces, with intense lesions at the top of the villus.
The qualitative changes that occurred in the intestinal epithelium after the ischemia process were observed by some authors. According to these authors, the injury caused by the process of ischemia -reperfusion would follow the direction intestinal villus to the crypt, and that the villus showed a greater sensitivity to ischemia [4] [5] [6] .Serious injury occurs, also, during the reperfusion, more intensive and in more levels [7] [8] [9] . Lundgren 10 suggest that the injury caused by ischemia would be more intense in the villus because the decreased blood flow and oxygenation occurs from the top of the villus to the crypt. Bounus 32 observed that the reduction of the mucosa is proportional to ischemia time, and more intense during the reperfusion phase. Thus, it is known that the epithelium is reconstructed in the reverse direction, in other words, from the crypt to the villus.
The intestinal villus is the last portion of the epithelium to regenerate after ischemia, when analyzed qualitatively. It is known that regeneration of the epithelium is intense and that for a scheduled 10-minute ischemia and it was found almost complete regeneration around three hours of reperfusion 14, 26, 33 .
In the presented work, the exposure of the intestinal epithelium was performed at various times of ischemia, increasing it gradually. Reperfusion was maintained without variation for the different groups (24 hours). Initially, the regeneration was qualitatively evaluated and the result was that according to the When evaluating the decrease in intestinal villus length between groups subjected to ischemia and no more to the control group we observed that: group II (10 minutes ischemia) presents no When the width parameter was analyzed, it was observed that the villus of the group VI showed a statistically significant increase in width when compared to group I (control). The villus in groups II, III, IV and V did not show a statistically significant increase when compared to group I (control). By comparing the width measurement between the groups subjected to ischemia, excluding the control, no significant differences were found.
The present study showed that the quantitative analysis presented morphological changes of intestinal villus after ischemia and reperfusion, and that these alterations were not detected in the qualitative analysis, although it was demonstrated that the epithelium is regenerated from the qualitative point of view. When quantitatively analyzed, it was detected significant histopathological changes after 24 hours reperfusion, such as decreased length and increased width. It is important the fact of finding an increased percentage of nucleuses in mitosis (mitotic index) in epithelia submitted to ischemia and reperfusion, after 24 hours, in the process of regeneration. It should be emphasized that it is statistically significant when group III was compared to group I (control). In this way, the findings disorders of mesenteric lymph flow and in vivo intestinal lymphocytes migration and the accompanying increase of endotoxin and TNF-alpha levels in mesenteric lymph, and the lymph drainage could block the "gutlymph" pathway, improve intestinal barrier function, and attenuate distant organ injury in the early stage of gut I/R injury 34, 35 . The intestinal post ischemic perfusion with hypertonic saline through the superior mesenteric artery followed by blood flow restoration is a protective procedure that could be used for the prevention of intestinal ischemia and reperfusion injury 36 .
Through comparisons between groups, it can be inferred that the villus regeneration by mitosis begins immediately after ischemic injury caused in the villus. In addition to the qualitative and quantitative histopatological changes already observed, several studies showed biochemical and inflammatory alterations after ischemia and specially reperfusion 14, 27, [37] [38] [39] [40] Some authors think that the preconditioning protection revealed significant evidence against small bowel wall of ischemia-reperfusion injury and attenuate the permeability of the small intestines after limb ischemia-reperfusion. The protective mechanism of ischemic post-conditioning may be related to inhibition of oxygen free radicals and inflammatory cytokines that cause organ damage [41] [42] [43] [44] [45] .
The studies of Parks et al.
11
, Horton et al. 12 and Van Ye et al. 15 about the importance of free radicals in the injuries caused by ischemia and reperfusion allowed the understanding of the process of these changes, and contributed to an effective action to reduce the harmful effects triggered by them.
Among these performances several drugs have been and are being used, such as "chelating" free radicals and antioxidants substances which provide evidence in reducing injuries caused by the ischemia and reperfusion, as well as extending the length of bowel tolerance time to this process 3, [17] [18] [19] 40, 46 . Also the hyperbaric oxygen therapy can limit tissue damage due to ischemia/ reperfusion injury, by inducing reparative signaling pathways 47 .
Recently the studies are demonstrating the use of gene therapy submucosal infusion of mesenchymal stem cells (MSCs) might exert to show how it is possible to obtain benefits in the prevention of injuries brought about by the process of ischemia and reperfusion 48, 49 .
The present study demonstrated the importance of performing quantitative analysis to evaluate the changes caused by ischemia and reperfusion, whereas the qualitative analysis may not be sufficient to define these changes. It should be stressed the need to consider morphological changes (quantitative) and mitotic index to evaluate the results of various forms of treatment that can minimize the consequences of the ischemia and reperfusion.
Conclusion
The epithelium is regenerated, when subjected to different time planned of ischemia and reperfusion. It was observed: decrease the length and increase the width of the villi, when compared Group VI with I and II, and Group VI with I; increased mitotic index when compared Groups III with I. Every analysis was statistically significant.
